ABSTRACT -The precocity of cowpea is important because it indicates the possibility of increasing and/or stabilizing production in regions with long periods of drought. The aim of this study was to evaluate genetic variability and select extra-early cowpea progenies. Fifteen F 3:6 progenies were evaluated in 2014 while sixty-two F 7 progenies were evaluated in 2015. Two commercial cultivars were used in experiments performed in the irrigated perimeter of Baixo Acaraú, in Marco, CE. The following characteristics were evaluated: number of days for flowering (NDF), number of days for maturity (NDM), plant height (PH), pod length (PL), number of seeds per pod (NSP), number of grains per plant (NGP), weight of 100 grains (W 100 G) and total weight (M TOT ). Data were analyzed in lattice and RBD, according to the methodology of mixed models by the REML/BLUP procedure. Also, the components of variance and genetic values were estimated. Variability among progenies, high heritability and high accuracy were identified for all traits. For NDF and NDM, the progenies presented higher behavior than the controls. The lattice arrangement contributed to a greater gain with the selection of NDF, NDM, PH, NSP, NGP and W TOT 
INTRODUCTION
Cowpea (Vigna unguiculata (L.) Walp.) has great genetic variability that makes it versatile; hence, it is used for several purposes and production systems. Currently, Brazil is the third largest producer in the world, and cowpea is mainly cultivated in the North, Northeast and Central West regions of the country (BEZERRA et al., 2010) .
The largest cowpea production (87.32%) takes place in the Northeast and accounts for 97.47% of the cowpea cultivated area in the country. In this region, cowpea has favorable ecological conditions for its development, becoming one of the most important sources of protein in the diet of rural and urban populations. In the Central-West, this culture has been highlighted by the possibility of a second harvest, being a new option for productive arrangements and diversification of the agribusiness of this region (DAMASCENO-SILVA, 2011) .
The different productive arrangements require cultivars with different characteristics for the maturation cycle, plant size, grain yield and resistance to pests and diseases. Thus, precocity (early maturation) is one of the main objectives of crop improvement, since it makes it possible to perform up to three cycles per year, using dry farming and irrigated crops (FREIRE FILHO, 2011; OLIVEIRA et al., 2016) .
In order to minimize losses from summer crops, cowpea farmers have selected and developed extra-early maturing cultivars, which minimize losses and/or stabilize the production in regions with long periods of drought (MACHADO et al., 2008; AYO-VAUGHAN et al., 2011) . Therefore, it is necessary to understand the genetic components that influence precocity in cowpea, because it would help in the development of strategies to improve grain yield and the adaptation of cultivars to stressful environments (ISHIYAKU-SINGH; CRAUFURD et al., 2005) .
In recent years, the cultivation of cowpea has expanded to the Cerrado biome of the Brazilian Central-West, where it has been incorporated into the productive arrangements of the second harvest after soybean, rice or corn (FREIRE FILHO, 2011) . In these arrangements, cowpea is cultivated after the middle of the rainy season, when there is no expectation of precipitation that may allow the cultivation of a second crop. In this context, there is a small gap of planting for farmers interested in growing cowpea, in which cultivars of early and semi-early cycles fit perfectly, since they last from 60 to 80 days. Thus, an alternative to enlarge the planting gap for cowpea would be the use of extra-early cultivars, with cycles of less than 60 days (OLIVEIRA et al., 2016) .
It is estimated that about six or seven genes are involved in the expression of cowpea precocity, indicating its polygenic nature. Since it is a quantitative trait, there is great environmental influence on its expression, which makes it difficult to select superior genotypes (ADEYANJU; ISHIYAKU, 2007; AYO-VAUGHAN et al., 2011) .
According to Piepho et al. (2008) , the development and recommendation of new varieties require a selection that must be made among a larger group of candidate genotypes, so the estimation of genetic values should be the focus of any effort in this direction.
To overcome these difficulties, in the selection of quantitative traits, the breeder uses genetic-statistical tools capable of isolating only the genotypic components, and predicting real genetic values in the selection. The methods based on BLUP (Best Linear Unbiased Prediction) and REML (Restricted Maximum Likelihood Estimation), with mixed models approach, are estimators that present greater accuracy and precision in the selection of genotypes with high genetic value (BORGES et al., 2010) .
The aim of this study was to evaluate the efficiency of incomplete blocks with lattice design and randomized complete block design (RCBD) on the estimation of genetic variability and to select extra-early/ extra-precocious cowpea progenies.
MATERIAL AND METHODS
Fifteen progenies of F 3:6 cowpea were evaluated and a selection was made between and within these progenies, resulting in sixty-two F 7 progenies, which were evaluated in 2015. These progenies originate from the Embrapa Meio Norte Cowpea Breeding Program, Teresina-PI, and were obtained from diallel crosses between the genitors IT82D-889, AU94MOB-816, IT82D-60, MNC04-789B-119-2-3-1 and MNC05-820B-240 and selected by the Bulk method within and between families, by Oliveira et al. (2016) . F 3:6 progenies were evaluated in 2014 in a RCBD with three replications. Two commercial cultivars (BRS Tumucumaque and Sempre Verde) were used as controls. The plot was composed by a line of 4.5 m and by 18 plants, with spacing of 1.00 m between plots and 0.25 m between holes within the line. The usable area was represented by the 16 central plants of the plot.
F 7 progenies were obtained from the selection in progenies F 3:6, using an intensity of 10%. In 2015, they were evaluated using an incomplete blocks design, with an 8x8 square lattice arrangement, using two replications as a result of the low seed quantity. In both tests, a single-bed was fertilized with superphosphate (40 kg / ha) and potassium chloride (20 kg / ha) according to soil analysis (6.0 mg / kg phosphorus and 0.15 cmol / kg potassium). After fifteen days of sowing, thinning was performed, leaving one plant per hole. After twenty days of sowing, cover fertilization with urea (30 kg / ha) was performed, following the recommendations for the crop. The cultivation was carried out in an irrigated system by using a micro sprinkler, with irrigation shift of five days on average, for two hours.
The traits evaluated in both trials were: number of days for flowering (NDF), number of days for maturity (NDM), plant height (PH), pod length (PL), number of seeds per pod (NSP), number of grains per plant (NGP), weight of 100 dry grains (W 100 G) and total production of dry grains (W TOT ).
After evaluating all traits, an index which resulted from an adaptation of the selection method of Pesek and Baker (1969) was adopted. According to the objectives of the program, for each character, a different weight was attributed with proper specification of the desired gains. Precocity, grain weight and plant height were included in the index. Thus, for each character, weights 1, 2 and 3 were attributed, respectively. The index was composed of the sum of the weights of all traits for each progeny, establishing precocity (evaluated by the number of days for flowering and pod maturation) as a priority, followed by the other traits in order of importance.
Data were submitted for statistical analysis using the methodology of mixed models, by the REML/BLUP procedure, using the likelihood ratio test (LRT), according to Resende (2002) .
RESULTS AND DISCUSSION
According to the results of the experiment conducted in 2015, for data from the randomized block design (RBD), the effect was only for the number of days for flowering (NDF) and number of days for maturation (NDM). This shows that there was a difference between the phenotypic values of these traits at the blocks level, which indicates the existence of environmental variability due to the heterogeneity of the experimental area.
On analyzing the data according to the lattice arrangement, most of the characters evaluated presented a significant difference for the effects of repetitions and blocks. For the effect of repetitions, a significant difference was verified only in NDF and NDM.
Regarding the effect of blocks within replications, the test found a significant difference for plant height (PH), pod length (PL), number of grains per plant (NGP) and total weight (W TOT ), which were not significant when data were analyzed according to the complete randomized block design.
In addition, there was a difference regarding the experimental error when both designs were compared. The lattice arrangement provided a reduction in experimental error, justifying the choice of this design over the complete randomized block. This is because the lattice arrangement separates a component from the experimental error due to the variance of repetitions effect, thereby increasing the experimental accuracy. This separation was not possible in the RCBD because the blocks were assembled in repetitions, not allowing to calculate an estimate of the error with the separation of the component due to the effect of repetitions (RAMALHO; FERREIRA; OLIVEIRA et al., 2012) .
Another fact that justifies the choice of lattice design is the number of progenies evaluated in this work, since it is a matter of evaluating characters with quantitative inheritance (controlled by several genes), there is a need of evaluating a large number of progenies. This impairs the efficiency of the RCBD, due to the heterogeneity of the area to shelter blocks containing all the progenies to be evaluated (SILVA et al., 1999; RAMALHO; FERREIRA; OLIVEIRA et al., 2012) . Silva et al. (1999) and Regazzi et al. (1999) studied the advantages of the lattice experimental design in the evaluation of corn hybrids, and observed that for most evaluated environments, the lattice was superior to RBD. For Cruzio (2014) , who worked with 97 progenies of cowpea, the lattice provided greater efficiency when compared to the block design. According to the authors, the main advantage of the lattice was the reduction of experimental error, being a good alternative to minimize the effects of environmental heterogeneity when the number of treatments or the size of the plots are very large.
The results of the aforementioned authors corroborate with the present study, regarding the reduction of experimental error presented in the table of deviance analysis (Table 1) . It was observed that the use of a lattice provided a higher efficiency for all evaluated traits, except for the weight of 100-grains (W 100 ) which was 100%. Ramalho, Ferreira and Oliveira et al. (2012) stated that when this efficiency is less than 100, it is recommended to despise the lattice analysis and to have the experiment analyzed in complete randomized blocks.
In the present study, the efficiency of the lattice slightly exceeded the threshold of 100%, thereby justifying the choice of this design. However, since the selection of cowpea has a high degree of endogamy, with F 7 progenies, this efficiency (although very small) can directly contribute to the conduction of a final selection with greater effectiveness. This efficiency is probably due to the fact that this type of design captures information of possible intrablock variability, not adding them to the experimental error as a non-explainable factor. Some studies with cowpea have reported the efficiency of the lattice over RBD. Rodrigues et al. (2016) evaluated drought tolerance in cowpea genotypes in a lattice design and obtained an efficiency of over 100% for most of the evaluated traits, including the number of days for flowering and maturation, with efficiencies of 120.55% and 125.23%, respectively.
In both designs, for the genotype effect, a differential behavior was verified in all evaluated traits, evidenced by the Likelihood Ratio Test (LRT). These results confirm that due to the existing genetic variability, it is possible to identify superior genotypes, allowing selection among them for the development of future cultivars, as cited by Torres et al. (2015) and Oliveira et al. (2016) . According to Correa et al. (2012) , the significance of the effects of genotypes contributes to the selection success, since this is influenced by genetic variance. For Krause, Rodrigues and Leal et al. (2012) , the significance of the effect of genotypes on the great majority of traits, indicates the existence of variability, resulting from the action of additive and non-additive gene effects in the control of the evaluated characters.
These effects were identified by Ishiyaku; Singh and Craufurd et al. (2005) and Ayo-Vaughan et al. (2011), when studying and controlling precocity in cowpea. For these authors, both additive and non-additive effects control earliness (precocity). The additive effects are the most important because they are inheritable in nature. For selection purposes, the interest is in the additive genetic value, which is the sum of the effects of the alleles at the locus that controls the quantitative character under selection (NDF and NDM).
The significance of the effect of the genotypes reveals the existence of variability in the progenies of the present study. Thus, it has become necessary to know the origin of this variability (environmental or genetic), its portion can contribute to the selection process, being necessary to understand and estimate its real values and proportions. Using estimates of the variance and heritability components at the mean level of genotypes obtained by the REML / BLUP methods, in both designs (Table 2) , it was verified that all traits presented a high magnitude of heritability, except for PH in the RBD, according to the classification proposed by Resende (2002) . All other characters presented a high magnitude of heritability (above 0.5), showing that most of the presented variability can be explained by genotypic variation.
The high heritability observed for all evaluated traits is explained by the advanced stage of the genotypes (F 7 ), with a high degree of homozygosity, as verified by Rocha et al. (2009) and Barros et al. (2011) . The same results were obtained by Singh and Craufurd et al. (2005) , for NDF and NDM in cowpea, with heritability restricted to 0.86.
These heritability values can be justified by genotypic variance, which confirms the existence of genetic variability among them. According to Garcia and Nogueira (2005) , Rosado et al. (2012) , Sousa (2015) and Torres et al. (2015) , high estimates of heritability coefficient show evidence that the genetic component presents high expression in the phenotype, showing great potential for selection and good perspectives of genetic gain. Table 1 . Deviance analysis considering the randomized block designs and the square lattice for the number of days for flowering (NDF), number of days for maturity (NDM), plant height (PH), pod length (PL), Number of seeds per pod (NSP), number of grains per plant (NGP), weight of 100 grains (W 100 G) and total weight (W TOT ) evaluated in 62 genotypes derived from F 7 progenies of cowpea and two commercial controls.
1 Wald F Statistic; +++ significant at 1% of probability; ns non-significant. 2 Likelihood Ratio Test (LRT), tested by chi-square with 1 as degree of freedom; ***significant at 1% of probability; **significant at 5% of probability; ns non-significant. Based on the selection made in F 3:6 progenies, the gain obtained with the selection in NDF, NDM and PH was negative. This was explained by the purpose of the program in reducing the expression of these traits (precocity). In general, the gain with the selection varied from -3.611 to 72.721% and -3.598 to 65.236%, for lattice and RBD, respectively. The lowest values were for NDF and NDM, in both designs. For the lattice, the values were: -4.764% and -3.611%, and for RBD, -4.757% and -3.598%; respectively. Although the gains with selection are small, they are of great relevance, when compared with the other traits, considering the high degree of endogamy and genotypes selection.
The estimates for gain with selection were higher in the lattice design. However, for all traits, the relationship between selection gains in both designs was close to one unit, showing that the designs were matched for GS. This fact is explained by the essence of lattice, which separates from the experimental error another factor of variation, explaining the environmental variability existing in the block within the repetition. These values directly influence the experimental accuracy, indicating that the lattice was superior to RBD.
By observing the results of the lattice accuracy, it can be seen that all the traits showed an accuracy above 0.5. The highlights were: pod length (PL), number of seeds per pod (NSP), and W 100 G, which presented a high accuracy (close to one), implying directly that the selection process is efficient.
This higher predictive accuracy for PL, NGV and W 100 G is due to the fact that random effects predictions are forced towards the overall mean (shrinkage), eliminating the residual environmental effects that are embedded in the phenotypic data and correcting the phenotypic value in function of the heritability of the character under selection. It does not happen when the effects are considered fixed. According to Viana et al. (2010) and Pinheiro et al. (2013) , with this adjustment of the phenotypic values by heritability, it is concluded that the higher the adjusted heritability, the lower the shrinkage, the greater the selective accuracy and the greater the genetic gain.
For Pimentel et al. (2014) and Torres et al. (2015) , high accuracy values showed good experimental quality, indicating an excellent relationship between the predicted and real values, which results in selection safety. These high values of accuracy in all characters can be justified by the efficiency of the mixed models and REML/BLUP predictors. These predictors are efficient in estimating the components of variance and genetic values, since they aid in the estimation of genetic values based on the unfolding of phenotypic variation in various genetic components (BALDISSERA et al., 2012; RESENDE et al., 2014) . Table 2 . Estimates of genotypic and block variances within the replicate, heritability at the level of means, gains with selection (in absolute terms and percentage), and accuracy of the selection process, considering the randomized block designs and the square lattice for the number of days for flowering (NDF), number of days for maturity (NDM), plant height (PH), pod length (PL), Number of seeds per pod (NSP), number of grains per plant (NGP), weight of 100 grains (W 100 G) and total weight (W TOT ) evaluated in 62 genotypes derived from F 7 progenies of cowpea and two commercial controls. This selective accuracy reflects the quality of the information of the procedures used in the prediction of genetic values. It is also associated with the precision of the selection based on predicted genetic values which are more reliable, with inferences about genotype means and non phenotype means. This helps in determining the reliability of how accurate the "ranking" of cowpea genotypes will be (PIMENTEL et al., 2014) .
The genotypic values of the characters in the 62 progenies are presented in Tables 3 and 4 . The lowest estimates were observed in NDF, NDM and PH (Table 3) . Values lower than at least one of the controls (BRS Tumucumaque and Sempre Verde), showed that all these progenies may be the basis for future breeding programs aimed at earliness (precocity), for presenting extra-early cycle plants, according to Freire Filho (2011) . This is in addition to composing future programs which are aimed at reducing the size of plants. Table 3 . Genotypic values for number of days for flowering (NDF), number of days for maturity (NDM), plant height (PH), pod length (PL), considering the randomized block designs and the square lattice evaluated in 62 genotypes derived from F 7 progenies of cowpea and two commercial controls. In most of the progenies, the results were lower than the controls for PL (Table 3) , NGV, NGP, W 100 G and W TOT (Table 4) . Ordering the best progenies, ten showed the lowest genotypic values for NDF (19, 15, 12, 33, 52, 37, 30, 43, 41 and 35) ; ten for NDM (52, 33, 21, 16, 30, 43, 22, 12, 15 and 25) ; ten for PH (2, 1, 36, 14, 27, 20, 46, 55, 62 and 45) ; eight for PL (31, 41, 53, 46, 27, 55, 25 and 30) ; ten for NSP (17, 26, 18, 41, 48, 15, 50, 59, 60 and 42) ; ten for NGP (18, 40, 10, 38, 46, 4, 43, 26, 25 and 60); ten for W 100 G (42, 58, 56, 60, 48, 4, 15, 13, 6 and 5) and ten for W TOT (56, 61, 62, 55, 8, 41, 39, 59, 4 and 58) .
The means for the number of days for maturation in this study ranged from 47 to 52 days, which are lower than those obtained by Oliveira et al. (2016) , who obtained variation from 52 to 56 days, when studying the crosses that gave rise to the progenies evaluated in this work, indicating that, after the advancement of generations inside and between families, the selection was efficient in obtaining extra-early progenies. Progenies 12, 15, 30, 33, 41, 43 and 52 are among the top ten for at least three of the eight traits analyzed, being the most indicated for cultivation, because they have the shortest maturation cycle. For the progenies that are not indicated for planting, they may be used as the basis for future cycles of hybridization with the purpose of reducing the size, being capable of providing positive results. Increasing commercial traits, considering that these progenies present small and colorful grains, which are characteristics that are not appreciated by the consumer market.
CONCLUSION
The number of days for flowering, number of days for maturation, plant height, number of grains per pod, number of grains per plant and total weight presented greater genetic variability and greater gain with the selection. Progenies 12, 15, 30, 33, 41, 43 and 52 are among the top ten because they have high genetic values in three or more traits, while progenies 12, 15, 30, 33, 43 and 52 stand out in relation to extra earliness (precocity).
